ABSTRACT -The Bainha Outcrop, located in the Municipality of Criciúma, Santa Catarina State, corresponds to deposits of the "Irapuá Bed," Rio Bonito Formation, and it is considered one of the richest phytofossiliferous sites of the Paraná Basin, representative of the "Glossopteris Flora." However, the Sphenophytes are poorly represented in this taphoflora. In this contribution, some so far unpublished samples are analyzed, which allowed us to confirm, for the first time, the occurrence of the Indian morphogenus Giridia in the Lower Permian of the Basin. Two distinct morphotypes are considered. One is related to the type-species of the genus, referred to herein as Giridia indica and found only at the Bainha Outcrop. The other is described as a new species, Giridia quiteriensis sp. nov., recorded at both Bainha and Quitéria outcrops, the latter located in the municipality of Encruzilhada do Sul, Rio Grande do Sul State. The second morphotype corresponds to the material classified previously as Gondwanostachys australis, which was revised herein. Therefore, this is the first record of the genus Giridia outside India, which reinforces the relative floristic similarities between Indian and South American regions of Gondwana during the Early Permian.
INTRODUCTION
The Bainha Outcrop, located in the municipality of Criciúma, Santa Catarina State (Figure 1 ), corresponds to deposits of the "Irapuá Bed", third coal bed of the Siderópolis Member, upper portion of the Rio Bonito Formation, middleupper portion of the Tubarão Group (Figure 2 ), and it is considered one of the richest fossil plant sites in the Paraná Basin. This outcrop, and some nearby localities (Bairro 20, Hospital and São Marcos outcrops), have been studied since the mid-1940s, showing a diversified megaflora composed of axis fragments, leaves and reproductive structures, these mainly referring to the Glossopterids, and seeds, all usually preserved as impressions/compressions (Dolianiti, 1946 (Dolianiti, , 1948 (Dolianiti, , 1952 (Dolianiti, , 1953a (Dolianiti, -c, 1954a (Dolianiti, ,b, 1956a (Dolianiti, ,b, 1971 Barbosa, 1958; Millan, 1967a Millan, ,b, 1969a Millan, ,b, 1971 Yoshida, 1966 Yoshida, , 1968 Rigby, 1969a Rigby, ,b, 1972a Bernardes-de-Oliveira, 1969 , 1977 , 1980a ,b, 1988 Bernardes-de-Oliveira & Carvalho, 1981; Bernardesde-Oliveira & Pontes, 1977; Bernardes-de-Oliveira & Yoshida, 1982) . This locality is representative of the typical post-glacial gondwanic flora, "Glossopteris Flora", associated with coal deposits, and it is of great importance in the understanding of the depositional environments and the coalgenerating processes of the "Irapuá Bed", besides having contributed, together with other like sites in austral continents, to proving the existence of the ancient "Gondwana Continent" (Iannuzzi, 2002) . However, the sphenophyte group is rare in this association, being represented by a few specimens of Notocalamites askosus (Rigby, 1972a) , Paracalamites australis Rigby, 1966 , Phyllotheca australis Brongniart, 1828 , Phyllotheca griesbachii Zeiller, 1902 and only one described sample, until this research, with some doubt, as (?) Sphenophyta fructification (Bernardes de Oliveira, 1977 , 1988 Bernardesde-Oliveira (1977 , 1988 but also to find some unpublished specimens such as this last one from the Bainha Outcrop. This has allowed the confirmation of the presence of two other types of reproductive structures typical of sphenophytes in this megaflora, besides the one already described, Notocalamites askosus (Rigby, 1972a) . Therefore, the specimens classified by Guerra-Sommer et al. (1995) as Gondwanostachys australis, from the Quitéria Outcrop, top of the Rio Bonito Formation at Rio Grande do Sul State were also used since they showed a close likeness to one of the detected forms.
MATERIAL AND METHODS
The material studied is composed of seven specimens, relatively well preserved as adpressions, three of them showing parts and counterparts, where they are reposited at IG-USP (specimen GP/3T 195, mentioned by Bernardes-de-Oliveira, 1977 , 1988 , DNPM-RJ (five specimens, 794/803, 798/ 805, 801 and 807ab) and DPE-UFRGS (specimen MP-Pb 403). The material described and published by Guerra-Sommer et al. (1995) , reposited at DPE-UFRGS, was totally revised.
The taxonomic study of the material was carried out by examination with the naked eye and a stereoscopic microscope (Magnifier Wild, Model M5-86360), and using high-quality photographs, obtained with and without immersion in alcohol, in order to highlight the details, from which the measurements were made with a vernier caliper and the specimens described. The suprageneric systematic used in this research follows the one of Stewart & Rothwell (1993) . In order to describe and compare the analyzed specimens, an extensive gathering of the characteristics used by different authors in the study of reproductive structures of the Sphenopsida group was carried out. Thus, the following characteristics were selected: general dimensions, organization of the reproductive system (arrangement of the fertile regions along the axes), type of sporangiophore, and kind of leaf whorl associated with the type of axis. The analysis of the material studied allowed us to classify the two morphospecies found as belonging to the genus Giridia, of the Giridih coalfield, Karharbari stage, Lower Permian of India. The reproductive structure previously described as (?) Sphenophyta fruiting (Bernardes-de-Oliveira, 1977 , 1988 , along with five other unpublished specimens, was classified as the type-species of the genus, Giridia indica Pant, Nautiyal, Misra, 1981 . The other form found allowed the proposal of a new species for the genus, since it proved to be like the material from the Quitéria Outcrop, at Encruzilhada do Sul, Rio Grande do Sul State, which shows a better preservation and has been previously described as Gondwanostachys autralis (Guerra-Sommer et al. 1995) .
Division TRACHEOPHYTA Class SPHENOPSIDA Order EQUISETALES Family PHYLLOTHECACEAE Genus Giridia Pant, Nautiyal & Misra, 1981 Type-species. Giridia indica Pant, Nautiyal & Misra, 1981 . Pant, Nautiyal & Misra, 1981 ( Figure 
Giridia indica
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The reproductive branches have up to five fertile regions distributed in the medium portion of the axes, extending almost to the apex, sometimes showing internodes with (DGM-Pb 807ab, Figure 3B ) or without (DGM-Pb 794ab, Figura 3A) leaf whorls and lacking reproductive structures in the most distal vegetative portions. The fertile regions form dense masses of dichotomized branched sporangiophores which due to their dense arrangement allow only the visualization of the more distal bifurcation (GP/3T 195, Figure 3C ). The individual sporangia are round in shape to slightly oval, with diameter varying from 0.9 to 1.5 mm, and are connected to the ends of the bifurcated stalks of the sporangiophores ( Figure 3C ). Discussion. The specimens studied show a general organization of the reproductive system with whorls of sporangiophores inserted at the node, immediately below the leaf whorls, in the upper parts of the internodes. This kind of organization differs from that of Phyllotheca australis Brongniart, 1828 emend. Townrow (1955) , later on treated informally as Gondwanostachys autralis by Meyen (1967) , which shows the sporangiophores connected to the leaf whorl at the basal or lower portion of the internode, which is above the leaf whorl. They differ also from the Notocalamites askosus Rigby (1972a) , Pothocites benavidese Dower (1999; illustrated in Iannuzzi et al. 1998) and Peltotheca furcata Escapa & Cúneo (2005) since they do not show sporangiophores along the whole internode. On the other hand, the organization of the reproductive system of the forms analyzed here is similar to that of other fertile forms of Sphenopsida, such as Giridia indica of Pant et al. (1981) , Gondwanites subtilis of Césari & Loinaze (2006) and the species classified as Cruciaetheca of Cúneo & Escapa (2006) . The sporangiophores found in the material studied, apparently many times bifurcated, form clusters with individual sporangia connected to the stalks of the last bifurcation. It thereby differs from the three described species for Cruciaetheca Cúneo & Escapa (2006) that show each one of its sporangiophores composed of only one stalk connected directly to the axis, where four sporangia inserted in the distal portion form a cross, as well as from the Gondwanites subtilis (Césari & Loinaze, 2006) , a species in which the sporangiophore is composed of a simple terminal sporangium also connected by only one stalk directly to the axis. On the other hand, this kind of structure of the sporangiophore, found in the material studied, shows the same characteristics found in Giridia indica.
Thus, the similarities observed both in the organization of the reproductive system and the type of sporangiophore allow us to include the studied specimens in the genus Giridia. Besides, the shape of the leaves at their free part are lanceolate with an acute apex and the formation of a short leaf sheath along the node are other features that approximate our specimens to the Giridia indica. It is worth noting that both the Indian and the Brazilian specimens lack sufficient detail, and thus, it is necessary to study new specimens in order to elucidate the structure of the dense mass of sporangiophores that remain imprecise.
Giridia quiteriensis sp. nov. (Figures 4-5)
1995 Gondwanostachys australis (Meyen) . Figures 4A-B) . The fertile axis is composed of a striated axis with a length of 45 mm and, on average, 4.3 mm wide, with two clear node regions showing a width/length ratio of 1:4.4. In this specimen it is possible to visualize only one node region with whorl of sporangiophore inserted directly below the leaf whorl ( Figures 4A-B) . The leaf whorls start fused at the node regions forming an extensive sheath of a coriaceous aspect, recurved towards the basal portion of the axis, where the basal portion of each leaflet is easily individualized through a line of leaf lamina union or fusion. The free part of the whorls is not very clear, but it is possible to observe that they are directed from the sheath to the basal portion of the stalk. The fertile region, located right below the node, forms only one whorl composed of a dense mass of sporangiophores, whose axes apparently have multiple ramifications, which, due to its dense arrangement, allow us to observe only the most distal bifurcations of this system. The sporangia are individual, round to slightly oval in shape, with diameters from 0.9 to 1.6 mm, and are connected to the ends of the bifurcated stalks of the sporangiophores ( Figure 4B ). Remarks. The material described here, MP-Pb 403, comes from the Bainha Outcrop, at Criciúma, Santa Catarina State, but has proven to be extremely similar to the fertile specimens described in 1995 by Guerra-Sommer et al. as Gondwanostachys australis, from the Quitéria Outcrop at Encruzilhada do Sul, Rio Grande do Sul State, as illustrated in plates 1 and 2 of that paper. In examining this specimen already described, it is verified that these show characteristics very similar to those found in the material from Bainha, in the organization of the reproductive system, in the type of sporangiophores, in the type and length of the sheath and in the overall dimensions of the specimens (Figures 5A-D) . However, these features were not described by the authors (p. 68 and 72). Actually, throughout the description of the Gondwanostachys australis, some characteristics mentioned by Guerra-Sommer et al. (1995) are not in line with what is observed in the illustrations (1995, lâm. 1, fig. a-d) or directly BOARDMAN & IANNUZZI -GIRIDIA, SPHENOPHYTE, IN THE PARANÁ BASIN 
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in the material itself. It is mentioned in the text the term strobilus or strobilus axis while it is clearly a non-strobilar reproductive structure, made up of an articulated axis with several fertile regions along these axes. The authors describe yet that the sporangiophores start at the lowermost portion of the internode, which means, right above the node from where the leaf whorl emerges. However, this kind of structure is very well illustrated by Meyen (1987, fig. 28b ) and Boureau (1964) to designate the species Phyllotheca (= Gondwanostachys) australis of Townrow (1955) , not occurring in the material of the Quitéria outcrop, in which the whorl of sporangiophores starts right below the very wellnoted node, from where the leaf whorl emerges as a sheath curving towards the base of the axis, as if forming a protective canopy for the whorl of sporangiophores located right below (Figures 5C-D; Guerra-Sommer et al., 1995, pl. 1, figs. b-c) . Finally, these authors describe a fertile region as having unique axes of sporangiophores that subdivide the originating peltate structures bearing elongated and anathropous sporangia (Guerra-Sommer et al., 1995, p. 68 and 72) . The direct observation of the specimens revealed that it is impossible to elucidate the structuring of the subdividing system of the sporangiophores in the fertile whorl, since it is formed by a dense mass of almost shapeless sporangiophores. What can be realized is that the sporangiophores apparently display multiple subdivisions, which, due to its dense arrangement, only allows viewing of the more distal bifurcations of this system. These last order bifurcations bear simple terminal sporangia without any peltate structure (Figures 5B-D) . This same incompatibility between the original description of the material of the Gondwanostachys australis made by Guerra-Sommer et al. (1995) and what the illustrations of the specimens showed in the paper had already been noticed by Cúneo & Escapa (2006) , who thereby raised the possibility of this material belonging to the genus Giridia or Cruciaetheca or even a new genus.
Thus, the description of the fertile portion of the material coming from the Quitéria Outcrop (Guerra-Sommer et al., 1995) is actually compatible with the above description for the specimen MP-Pb 403. The dimensions of the vegetative portions of the axes and branches published by GuerraSommer et al. (1995) are in accordance with what has been directly observed in the specimens described by those authors. However, there is no mention of the dimensions of the sporangia. In observing the specimens, the authors of this paper were able to measure a few final oval-shaped sporangia (6), and obtained diameters of 0.7 to 1.2 mm, which are, on average, a little smaller than those obtained for the specimen MP-Pb 403 (between 0.9 and 1.6 mm). Given the degree of compression, distortion and denseness of the fertile portions of the overall specimens, there is no way to obtain more conclusive measures, and thus, the difference is considered of minor importance. Therefore, it is concluded that both materials, the one from Bainha and the one from Quitéria, belong to the same morphotype or taxon-form. Discussion. The specimens from Bainha and Quitéria, according to the descriptions above and the prior discussion about Giridia indica, undoubtedly correspond to the genus Giridia, since they have their fertile regions are located right below the node, formed by a dense mass of subdivided sporangiophores that support simple terminal sporangia at the more distal bifurcations of this system.
In this sense, the material of Guerra-Sommer et al. (1995) should inevitably be recombined in Giridia. However, it is worth noting that, when describing the specimens as Gondwanostachys australis, Guerra-Sommer et al. (1995) proposed an emendation to the original diagnosis of the genus-species Gondwanostachys australis, attributed by the Figure 5 . Giridia quiteriensis sp. nov., from the Quitéria Outcrop. A, MP-Pb 2863 (holotype), several specimens in which it is possible to observe the general view of the reproductive system, showing the organization of sporangiophores inserted at the node, immediately below the leaf whorls that are composed of prominent and rigid (coriaceous) sheaths; it is also possible to observe free portions of leaflets, curved towards the basal parts of the axes; B-D, details of specimens shown in A, showing the most distal bifurcations of the sporangia-bearing sporangiophores, the prominent and curved sheaths and free portions of leaflets, diagnostic features of this species. Abbreviations: d, distal bifurcation of the sporangia-bearing sporangiophores; le, free portion of leaflets; n, node; s, sporangiophores; sh, sheath. Scale bars = A and B, 10 mm; C and D, 5 mm.
